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two  Macaca  nulatta  and  one  Macaca  lava  monkeys  were  trained  to  press  a  key  for 
food  pellets  on  a  differential  reinforcement  of  low  rate  (DRL)  schedule  which 
required  consecutive  key-press  responses  to  be  spaced  at  least  20  sec  apart  in 
order  to  produce  reinforcement.  When  behavior  had  stabilized,  the  monkeys 
were  administered  either  0.0,  0.0S,  0.10,  .025,  or  0.50  mg/Vg  of  cocaine  l.v. 
during  daily  sessions.  Cocaine  produced  a  bl- component,  dose- related  coaq>lete 
cessation  of  responding  which  began  and  ended  abruptly.  Following  this  post- 


'Infusion  pause,  a  doae-related  behavioral  disruption  In  the  form  of  shortened 
Inter- response  tines  was  observed.  . 
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ABSTRACT 


Two  Macao  aulacca  and  on*  Macao  java  aonkaya  war*  train  ad 
to  praaa  a  kay  for  food  pelleca  on  a  differencial  reinforce¬ 
ment  of  low  raca  (DRL)  schadula  which  required  coosacuclva 
kay-prasa  raaponaaa  Co  be  apacad  ac  laaac  20  aac  aparc  in 
ordar  co  produca  ralnf orcaaenc .  When  bahavior  had  acabillaad, 
cha  aonkaya  wara  adainiacared  aichar  0.0,  0.0S,  0.10,  0.25,  or 
0.50  ng/kg  of  cooina  i.v.  during  daily  aaaaiona.  Cocaina 
producad  a  bi-component,  doae-dependent  affect.  Immediately 
following  cocaina  infuaion  chara  waa  a  doae-related  complete 
caaaadon  of  reapondlng  which  began  and  ended  abruptly. 
Following  chia  poac -Infuaion  pauaa,  a  doae-related  behavioral 
diaruptlon  in  cha  fora  of  ahortened  intar-raaponae  tinea  waa 
obaarvad . 
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FOREWORD 


This  research  wee  carried  ouc  under  Contract  ho. 

DAMD  17-74-C-4097  from  the  U.S.  Aray  Medical  Research  and 
Developnant  Cosssand.  The  author  acknowledges  the  super¬ 
vision  of  Captain  Kenneth  Zych,  Project  Officer,  and  the 
assistance  of  Charles  U.  Morrow  and  Yvonne  Parsons. 

In  conducting  the  research  deacrlbedin  this  report, 
the  Investigator  adhered  to  the  "Guide  for  Laboratory 
Anlaal  Facilities  and  Care,"  as  promulgated  by  the  Coaalttee 
on  the  Guide  for  Laboratory  Anlaal  Resources,  National 
Acadeay  of  Sciences  -  National  Research  Council. 
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INTRODUCTION 


The  manner  In  which  cocaine  function*  to  astabllah 
and  maintain  an  o par ant  raaponaa  ha*  baan  stud  lad  exten- 
•ivaly.  In  ganaral,  drug  aalf-admlnlstratlon  atudlaa  hava 
shown  that  oparant  raaponaa  patterns  associated  with  cocaine 
reinforcement  are  characteristic  of  those  typically  observed 
with  other  stimulant -class  drug  relnforcers  (e.g.,  d-amphet- 
amine,  uethaaphetaalne,  and  plpradol) .  By  compari¬ 
son,  only  limited  research  has  been  conducted  to  assess  the 
effects  of  cocaine  on  oparant  behavior  maintained  with  food 
or  water  reinforcement*’6,  \ 

A  sensitive  operant  behavioral  baseline  la  achieved  by 
requiring  that  food  reinforcement  be  contingent  upon  the 
occurrence  of  the  first  response  emitted  after  some  fixed 
minimum  time  interval  has  elapsed  since  the  preceding 
response.  Should  a  response  occur  before  the  minimum  Inter¬ 
val,  the  Interval  is  begun  again.  Thla  schedule  Is  termed 
differential  reinforcement  of  low  response  rate  (DRL). 
Stimulant  class  drugs  have  been  shown  to  produce  a  blphaslc 

g  a 

effect  on  DRL  response  rate  ’  In  general,  low  dosea  of 
stimulants  typically  reduce  the  time  between  responses,  while 
higher  doses  Increase  Inter -response  times.  Ac  very  high 
doses,  Che  behavioral  disruption  Induced  by  stimulant  drugs 


cakes  chs  fora  of  sporadic  pauses  alternating  with  sporadic 
bursts  of  responding. 

We  now  report  an  experiment  in  which  Che  effects  of  l.v. 
cocaine  on  previously  established  DRL  behavior  were  investi¬ 
gated. 


2 


METHOD 


Animals 

Two  adult  Macaca  aulatta  and  one  mala  adult  Macaca  java 
aonkeya,  aach  weighing  approximately  6.0  kg,  served  aa  subjects. 
Both  Macaca  aulatta  (T 1  and  V2)  had  extensive  behavioral  and 
drug  experience.  However,  neither  monkey  had  prior  exper¬ 
ience  on  the  baseline  task  or  with  cocaine.  The  Macaca  java 
(C3)  had  a  prior  history  of  cocaine  self -administration. 

All  monkeys  were  drug  free  for  three  aonths  preceding  base¬ 
line  training  for  this  experiment.  Experimental  sessions 
were  scheduled  seven  days  a  week  at  the  same  time  dally. 

The  animals  were  maintained  at  their  ad  libitum  body  weights  but 
were  fed  only  once  a  day  at  the  end  of  the  experimental 
session. 

Apparatus  and  Drug 

Each  aonkay  was  fitted  with  a  Plexiglas  helmet  which 
served  as  a  catheter  protection  system.  After  each  animal 
had  adapted  to  this  restraint,  It  was  surgically  prepared 
with  a  chronic  indwelling  venous  catheter  of  siliconized 
rubber  using  a  sterile  technique.  The  catheter  was  anchored 
to  deep  auscle  tissue  In  the  neck  with  the  proximal  end 
passing  through  the  Internal  Jugilar  vein  and  terminating  In 
the  right  atrlua  of  the  heart.  The  distal  end  was  passed 
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subcutaneously  co  the  cop  of  the  head  where  lc  exited 
through  a  stab  wound.  This  end  of  the  catheter  waa  then 
connected  to  a  set  of  fittings  In  the  helmet  which  allowed 
Che  catheter  systea  to  be  capped  or  temporarily  coupled  co 
an  infusion  puap  during  experimental  sessions.  The  infusion 
puap  was  set  to  deliver  1.0  al  of  solution  over  55  sec. 

During  experimental  sessions  Che  aonkeys  were  restrained 
in  a  primate  chair  and  connected  to  an  infusion  puap  which 
was  located  Inside  a  large  ventilated,  sound-attenuating 
chaaber.  A  stimulus-response  panel  containing  two  horizon¬ 
tally  aligned  translucent  response  keys  (5.1  ca  x  5.1  ca) 
and  a  food  well  located  13.5  ca  below  the  right  key  was 
mounted  on  the  priaate  chair.  The  right  response  key  was 
lllualnated  with  a  green  3-watt  laap.  Reinforcement  consisted 
of  a  300  ag  banana  pellet  delivered  into  the  food  well. 

The  drug  used  was  cocaine  hydrochloride  dissolved  in 
0.9Z  physiological  saline.  Solutions  were  prepared  in 
concentrations  which  allowed  the  appropriate  dose  to  be 
contained  in  0.3  al  of  solution.  A  flush  solution  of 
sodium  heparin  and  saline  (100  unlts/al)  was  used  to  push 
the  drug  solution  through  the  catheter  systea  into  the  monkey. 
The  heparln/sellne  flush  solution  wes  elso  used  for  nondrug 
control  injections. 
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Procedure 


The  monkeys  wtre  trained  to  press  the  response  key  with 
reinforcements  made  available  according  to  a  20  sec  differential 
reinforcement  of  low  response  rate  (DRL  20)  schedule.  Under 
the  DRL  20  schedule,  reinforcement  was  delivered  only  for  a 
response  that  followed  the  lasedlately  preceding  response  by 
20  sec  or  more.  If  a  response  followed  the  preceding  response 
by  less  than  20  sec,  the  interval  timer  was  reset  and  the  20 
sec  interval  was  reinitiated.  Daily  sessions  were  as  follows. 
The  monkey  was  transported  to  the  experimental  apparatus, 
restrained  in  the  primate  chair,  and  connected  to  the 
infusion  apparatus.  Illumination  of  the  response  key  signalled 
the  start  of  the  session.  After  25  reinforcements  had  been 
obtained,  the  infusion  pump  was  operated  ao  as  to  deliver  1.0 
ml  of  flush  solution  over  a  55  sec  infusion  duration  to  the 
monkey.  Daily  sessions  were  terminated  when  monkeys  T1  and  V2 
had  obtained  150  reinforcements ,  or  when  125  reinforcements 
had  been  obtained  by  monkey  C3.  A  reduced  session  criterion 
for  monkey  C3  was  implemented  after  repeated  attempts  failed 
to  obtain  stable  performance  in  this  animal  beyond  130  rein¬ 
forcements  . 

The  monkeys  were  run  on  the  baseline  task  until  a  stability 
criterion  was  achieved.  The  criterion  consisted  of  at  least 


three  consecutive  sessions  where  aedlen  inter-response  tiaes 
d id  not  very  by  aore  then  ♦  52.  Subsequent  to  echlevtng 
stebllity  on  the  beseline  tesk,  doses  of  coceine  were  edain- 
istered  during  deily  infusions.  All  eniaels  received  0.05, 
0.10,  0.25,  end  0.50  ag/kg  of  coceine.  Drug  sessions  were 
veried  with  respect  to  dosege  end  were  sepereted  by  et  leest 
three  consecutive  nondrug  sessions  which  aet  the  beseline 
stebllity  criterion. 
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R£SILTS 


la  this  experiment  either  cocaine  or  control  solution 
was  infused  immediately  after  the  animal  had  obtained  25 
reinforceaents .  After  nondrug  control  injections,  latencies 
for  the  first  post-infusion  response  were  less  than  50  sec. 
However,  all  doses  of  cocaine  above  0.05  ag/kg  produced  an 
immediate  cessation  of  responding  which  lasted  for  longer 
chan  50  sec.  The  actual  durations  of  these  cocaine- Induced 
post -infusion  pauses  are  presented  for  individual  animals 
in  Figure  1.  As  can  be  seen  therein,  a  monxonic  increase 
in  the  duration  of  the  post-infusion  pause  was  obtained  in 
each  monkey  as  a  function  of  increasing  cocaine  dose. 

Responding  following  the  post-infusion  pause  began 
abruptly  and  was  maintained  throughout  the  remainder  of  the 
experimental  session.  Figure  2  presents  the  mean  number  of 
seconds  and  the  mean  number  of  responses  needed  to  obtain 
successive  blocks  of  25  reinforceaents  once  responding 
resumed  following  drug  infusion.  As  depicted  for  the  present 
DRL  schedule  in  Figure  2,  an  overall  time  Increase  accompanied 
by  an  Increase  in  responses  reflect  a  shortening  of  inter- 
response  times  (IRTs),  while  a  time  increase  and  a  constant 
or  reduced  number  of  responses  indicate  a  lengthening  of  IRTa. 


COCAINE  (mg/kg) 


COCAINE  (mg/kg) 


Fig.  1.  Duration  of  poat-lnfualon  pauac  for  Individual 
aonkaya  aa  a  function  of  cocalna  doaa.  Poat-lnfualon  pauaaa 
of  laaa  than  50  aac  vara  within  tha  nondrug  control  ranga. 


COCAINE  (mg/kg) 


Fig.  2.  Mean  else  *nd  naan  aunber  of  reaponaea  required  by 


Che  three  aenkevs  to  obtain  aucceaaive  blocka  of  25  reinforce 


■enta  following  infusions  of  different  doaea  of  cocaine.  The 


lan  tiaea  for  reinforceaenta  1-25  were  corrected  for  cocaine 


induced  poat-infualon  pauses 


For  sxaaple,  whan  animals  wars  Infused  wlch  cocaine  at  a  doaa 
of  0.05  04/ kg  nalthar  tha  aaowt  of  claa  nor  cha  number  of 
raaponaaa  required  to  obtain  tha  first  block  of  25  reinforce¬ 
ments  diffarad  froa  baaalina.  liowavar,  thara  was  an  incraasa 
in  both  tiaa  and  nuabar  of  raaponaa  for  tha  aacond  and  third 
block  of  25  rainforcaaants.  For  tha  fourth  block  of  25  rainforcaaants 
both  tiaa  and  raaponaa  nuabar  again  raflactad  baaalina  condi¬ 
tions.  Thus,  at  0.05  ag/kg  a  c oc a ins- indue ad  behavioral 
disruption,  in  tha  fora  of  ahortanad  IRTs,  began  to  occur 
aid-way  through  tha  saaalon  and  dlaslpatad  prior  to  tha  and 
of  tha  saaalon. 

At  dosas  of  0.10  and  0.25  ag/kg,  a  drug-induced  dacraaaa 
in  IRTs  occurrad  across  tha  first  three  blocks  of  25  rainforca¬ 
aants.  Tha  aagnltuda  of  this  affect  gradually  lessened  up  to 
tha  final  block  of  rainforcaaants  whara  behavior  returned  to 
baseline  conditions.  Finally,  whan  cocaine  was  infused  at  tha 
highest  dose  of  0.50  ag/kg  thara  was  a  shortening  of  IRTs 
throughout  tha  session.  However,  as  can  ba  seen  in  Figure  2, 
tha  behavioral  disruption  at  this  high  dose  did  not  proceed 
in  an  orderly  nannar.  Visual  inspection  of  cumulative  response 
records  obtained  at  tha  0.50  ag/kg  dose  revealed  bursts  of 
responding  alxsd  with  sporadic  pauses  of  varied  duration  which 
began  to  occur  during  tha  sacond  block  of  25  rainforcaaants. 
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DISCUSSION 


The  data  obtained  in  the  present  experiment  reveal  a 
bl -component ,  dose -dependent  effect  of  cocaine  on  food 
maintained  operant  behavior.  I  an  ed lately  following  cocaine 
Infusion  there  was  a  dose-related  complete  cessation  of 
responding  which  began  and  terminated  abruptly.  Once  resumed, 
responding  continued  throughout  the  session  but  evidenced  a 
dose-related  behavioral  disruption  In  the  form  of  shortened 
IRTs. 

The  rather  dramatic  pause  In  ongoing  behavior  following 
cocaine  Infusion  appears  to  be  a  unique  general  characteristic 
of  cocaine-behavior  Interactions.  Nearly  all  published 
research  on  the  self-admlnlstratlon  of  cocaine  has  found  that 
dose-related  periods  of  non-responding  follow  drug  Infusion*'^. 
Additionally,  several  researchers  have  reported  that  the 
Infusion  of  cocaine  produces  a  dose-related  pause  in  the 
performance  of  a  food  or  water  reinforced  operant  response^'^’^ 

The  manner  in  which  drugs  and  behavior  Interact  Is 
typically  Influenced  by  the  nature  of  the  experimental  situ¬ 
ation  and,  to  a  large  extent,  by  the  schedule  of  reinforcement. 
However,  the  cocaine-induced  post-infusion  pause  appears  to  be 
little  Influenced  by  variables  other  than  drug  dose  and  Is  not 
a  reliably  observed  characteristic  of  other  OIS  stimulant  drugs 


II 


On  the  other  hand,  Che  cocaine- induced  shortening  of  IRTs 

obtained  in  this  experiment  la  in  complete  accord  with  the 
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effects  of  other  stimulant  drugs  on  DRL  behavior  '  . 

To  date,  the  majority  of  published  research  dealing  with 
cocaine  and  behavior  has  used  a  drug  self -admlnlstrat ion 
procedure.  Under  this  procedure  opiates,  barbiturates  and 
stimulants  are  easily  distinguished  by:  the  manner  in  which 
organisms  acquire  the  responses  terminating  in  drug  reinforce¬ 
ment,  the  patterning  of  drug  administration,  and  the  behavior 
exhibited  when  the  drug  is  withheld.  Cocaine  self-administration 
closely  resembles  the  self -admlnlstrat ion  of  other  CNS  stimulants. 
However,  cocaine  differs  from  other  CMS  stimulants  with  respect 
to  the  biochemical  mechanisms  which  produce  its  behavioral 
effects10.  The  post-infusion  pause  data  obtained  in  this 
experiment  suggest  that  there  may  also  be  some  qualitative 
d if ferencee between  cocaine-behavior  interactions  and  those 
drug-behavior  interactions  found  with  other  CNS  stimulants. 

One  possible  explanation  for  the  obtained  results  would  be 
in  terms  of  cocaine's  effects  on  the  CNS.  Cocaine  stimulates 
the  CNS  from  above,  downward.  Following  cortical  stimulation, 
an  Increase  in  cocaine  dose  results  in  stimulation  of  lower 
motor  centers.  Indeed,  higher  centers  can  be  in  a  stage  of 
post -stimulation  depression  while  lower  centers  are  in  a 
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stag*  of  excitation11.  The  sequential  nature  of  CNS  stimu¬ 
lation  by  cocaine  may  be  taken  as  analogous  to  the  sequential 
behavioral  effects  found  in  this  study.  Such  an  analogy  would 
imply  that  the  post-infusion  pause  reflects  initial  cortical 
stimulation  and  the  subsequent  effects  on  behavior  reflect 
Increased  involvement  of  stimulated  lower  centers. 
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